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</L: INTRODUCTION:

Since the devélopment of. the external-circuit traveling-
wave: tube, many different. types of slow-wave circults can .be
used with a traveling-wéve tube ‘structure with a single basic
interaction geometry containing the.electron beam and the
interaction electrodes. To use such a versatile device it
becomes necessary to inyestigate theoretically the properties
of the various possible external circuits. Some sample
calculétions were obtained for the various types of circuits,
elther lumped or distributed-lumped, which can be used as
slow-wave structu:('es.1

In this report, results of more detailed calculations for
several lumped-filter circuits are presented im mormalized

Sees L S

graphic form. The circuits include the low-pass, the high—pass,*
the three-element inductive band—-pass,’r the three-element

capacitive band-pass and the four-element band-pass circuits.

The characteristics presented include the phase-frequency
characteristics, the phase velocity characteristics, the group
velocity characteristics, the circuit impedance characteristics
and the interaction impedance characteristics.

The interaction geometry considered here is uniformly
periodic, i.e. all cylinders have equal lengths and all gaps
have equal lengths. The quantities investigated are all
normalized and plotted as a function of the normalized frequency.

* These circults can never be obtained physically in their
exact forms due to distributed coil capacitance and lead
inductance.
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II. GENERAL EQUATIONS

X and X5 and of the normalized frequency x. The circult
properties are
phase constant

X
6=+ 2sinl /- o
2

phase velocity

__2x
Ipn = BranT

group veloclty

ax
dae

circuit impedances
N &3
_ 172
ZO7r t/::_37
A 1
1+ kv
2

X
/ 1
Zop = VX, Y1+ .

The interaction impedance is defined by

an v2

—575
B, -D2P

K,

n

where the amplitude factor of the nth space harmonics isl

= i sin? Pn? transversely loaded
My~ = . ¥ loade

B,.D
M2 = b sin® DO

I > longitudinally loaded

In this section a list of formulae for Tee and Pi filter
circuits shown in Fig. 2.1 is given in terms of the reactances
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(2.1)

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7)

(2.8)
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FIG. 2.1.--Tee and Pi fil
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III. CHARACTERISTICS OF THE LOW-PASS CIRCUITS
Thus the longitudinal interactlon impedance becomes

2 . " y
D The low-pass circuits are shown . 3.1. The first

- ¥
KL -7 sin 2 two have transverse interaction gaps and the third one has
n or En longitudinal interaction gaps.
The equations for the characteristics are

and the transverse interaction impedance becomes
2

. [sin g
ﬁn
"
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Fig. 2(b)
(3.9)

Fig. 2(c) (3.10)

These equations are plotted as curves in Figs. 3.2 to 3.12.

Seriles m-derived circult with transverse interaction gaps
c [ C
1 1

1
'_'| - l ! ! lH—

Loge)

) D
7

Shunt m-derived circuit with transverse interaction gaps

1
(c) : ‘: { {
|

;[_‘ Cor2

Series m-derived circuit with longitudinal interaction gaps

FIG. 3.1.--M-derived low-pass circuilts.
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IV. CHARACTERISTICS OF THE HIGH-PASS CIRCUITS

The high-pass circuits are shown in Fig. 4.1, The first
two have longitudinal interaction gaps and the third one has

transverse interaction gaps.
The equations for the characteristics are

-1 m

6 = -2sin
x2—l+m2

2x
|6+2nw|

Vx2-1 2., 2

= (x°-1+m")

Eé:limi ‘ (4.4)

X Vx2—1
ig. 14(a) and (c)

(4.5)

o0 .Ei.?ui;zii;ﬁs

FIG. 3.12.--Lon
K1 of a shunt

gitudinal jn*eraction impedance
m-derived low- -pass circuit,

- 18 -
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IV. CHARACTERISTICS OF THE HIGH-PASS CIRCUITS

The high-pass circuits are shown in Fig. 4,1, The first

two have longitudinal interaction gaps and the third one has
transverse interaction gaps.
The equations for the characteristics are

/x —1+m2

2x

[¥on| = [e+en|
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L., | ) X -1 pye, 14(c)
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1

Series m-derived circult wit 7
d eircult with longludinal interaction zans These equations are plotted as curves in Figs. 4.2 to 4.12.
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uits of Pi section.
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V. CHARACTERISTICS OF THE THREE-ELEMENT
INDUCTIVELY COUPLED BAND-PASS CIRCUIT

The inductively coupled band-pass circuit is shown in

Fig. 5.1.
The equations for the characteristics are

The cutoff frequencies are given by X, = 1 or ®, = l/m5 VL202

and x; = Mg where my = l/'\1+ML2/L1

For positive mutual coupling, i.e. when LP and Ll
the circuit is fundamentally a forward-
nd 1.

are

both greater than zero,
AL oo wave circuit and the normalized pass-band is between my a

5 5 + L

6

iIG. L4.,12,--Transve inferaction impedance
T4l of a series m-derived high-pass circuit,

-3 -
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When L2 or Ll is negative, the circuit is fundamentally a
backward-wave circult and the normalized pass-band 1s between
1 and mg. For the fundamental forward-wave circuit, the
positive sign is to be used in the © expression and for the

fundamental backward-wave circult the negative sign 1s to be
used in the © expression. The negative—mutual—coupled circult
requires a center-tapped coil with the two halves wound in the
same direction. The positive—mutual—coupled circuit on the

other hand requires a center-tapped coil with the two halves
wound in the opposite direction. A band-pass space-harmonic
amplifier can be designed using the negative—mutual- coupled

eircult with good pandwidth when the pass band is between about
1 to 1.60.

FIG. 5,1,=--Three- t
o, s band_passeiiﬁisgt%nducuively + (4.1) to (L.6) are plotted in Figs. 5.2 to 5.16.

cases for mg = 1.5, 1.6 and 1.7 are also plotted on an enlarged
scale. Curves include both the positive and the negative—mutual—
coupling cases.
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. 5.5.--Circuit impedance Zpn, Of th
giiulgdBthree-element band-pass circuit of Pi section.

FIG. 5.4,--Group ve ocity y. of the positive-
mutual-coupled three-elemen® band-pass circuit.
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Ta ipeult 1 dance Zg. ©f the negatiye—@utual-
FIG. 5,13.--Cireult impeients or cuit of Pi sectilon.

coupled three-element band-pass

|
|

FIG. 5.12.--Group velocity yg of the negative-mutual-
coupled three-element band-pass circult.
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oUW = W

1
‘ l 1 i dance K, of the
5 FI __Transverse interaction impeda m
l i g;gét?;é?ﬁutagl—coupled three-element band—pasé circuit.
117
o
B
e
| ‘ ||
1 1.5 2 2.5 Bm/mlé 5 6 7 8 910
c
FIG. 5.14.--Circuit impedance Zgpp of the negative-mutual- ko -

coupled three-element band-pass circuit of Tee section.
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VI. CHARACTERISTICS OF THE THREE-ELEMENT
CAPACITIVELY COUPLED BAND-PASS CIRCUITS

The capacitively coupled band-pass circults are shown in
Figs. 6.1 (a) and (b).
The equations for

the characteristics are

|
|

5 6 7 8 9 10

FIG. 5.16.--Transverse interaction impedance K, .-of the
negative-mutual-coupled three-element hand-pas?rtir’ouit
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The capacitively coupled circult is a backward-wave
circuit. There are two possible locations for the interact
electrodes, l.e.s at Cl for the longltudinal type and at 02
for the transverse type.

Equations (6.1) to (

ion

6.7) are plotted 1n Figs. 6.2 to 6.13.

Transverse interaction structure

FIG. 6.1.--Three-element capacitively
coupled band-pass circuits.
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|

4 5 6 7 89 10

. -
FIG. §.2.7-Phase angle per section of the three-element /
capacitively coupled band-pass circuit.

1.5 2 I 5 7
m/u)c

FIG. 6.3.--Phase velocity y . of the three-element

capacitively coupled band—pggs circuit, :
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\

7 8 910

FIG. 6.7.--Circuit impedance %, - of the three element
capacitively coupled band-pass ¢ircuit of Pi section.

|
\
|
|
|
|
|
|
|

|
1.5 6 7

FIG. 6.6.--Group velocity y_ of the threz-element
capacitively coupled band-pass circuit.
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FIG. 6.9.--Transverse interaction impedance K, of the
three-element capacitively-coupled band-pass Egrcuit.

9 10

w/mc

FIG. 6.8.--Circuit impedance Zgp Of the three-element
capacitively coupled band-pass circuit of Tee section.
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E_IGA”6.12.-V-Longitudinal interaction impedance X; of
the Three-element capacitively-coupled band—pass*‘girculc

\
A

—
5 6 7 &8 9 10

interaction impedance X, .of the
three-element c iveliy-coupled band-pass cir%it.
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VII. CHARACTERISTICS OF THE FOUR-ELEMENT BAND-PASS CIRCUIT

The four-element band-pass circuits are shown in Flg. 7.1l.
The equations for the characteristics are

J77777 J777777777 777777777

L»*D

Transverse interaction structure.
FIG. 7.1.--Four-element band-pass circuits.
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For the fundamental-backward-wave circuit, Xy is greater

Uhan unity and the negative sign in the & express ion should be

expression should be

used. For the fundamental-forward-wave circuit, x, 1s less

than unity and the positive sign in the 6 expression should

be used.

For the case of negative mutual coupling, Ll is negative
and L, is positive. The circuit is then fundamentally a

backward-wave circult. When L,
for the case of positive mutual
fundamentally be a forward-wave
depending on whether ) is less
unity.

and L2 are both positive, 1.e.
coupling, the circuit can
or a backward-wave circult
than unity or greater than

Curves are presented in Figs. 7.2 to 7.91 for both
the forward-wave and the backward-wave circuits.

w/bb
FIG. 7.2.--Fhase angle per sgﬁtion
four-element band-pass circulit, Xq
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m/wc
loci the
FIG. T.4.--Group velocity ¥, of ©

four-element band-pass circ%it,x1=10.

FIG. 7.3.--Phase velocity y of the

four-element band-pass oircaft,xlzlo. - 71 -
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10

1

FIG. 7.8.--Transverse inter‘acbiqn ixppedance §T+1
FIG. 7.7.--Transverse interaction impedance KTO of the four-element band-pass clr‘cult,xl _ T

of the four-element band-pass cir‘cuit;xl = 107
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b, 6 8 10
FIG. 7.9.--Longitudinal interaction impedance KLO
of the four-element band-pass cir-cuit,xl = 10.
itud 1 i tion impedance K
G¢. 7.10.--Longitudinal interac a3 T4l
g% thg four-element band-pass circult,xl = 10.
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1 2 w/w 3 4
gggé Ziéig;;Pﬁiii a:gle per section of the ;  th
< -pas. = nt :
pass c Pcuit,xl = 5. i E‘Eﬁ;—Ziiiéntpggig—;:;Zczigeiﬁ]”;1 = ;'

1 m/mc 3 5
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FIG. 7.14.--Circuit impedance Zqo, of the four-
FIG. 7.13.--Group velocity y, of the “element band-pass circult of Pl section,x =5,

four-element band-pass circu c,xl=5.
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T

2
m/h%

FIG. 7.16.--Transverse interaction impedance KTO of
the four-element band-pass circuit,xl = 5.

FIG. 7.15.-~Circuit imped
an
band-pass circuit of TSe segii%ng?IvF?f four-element
»¥X) = 5.
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5 I 5
c

FIG. 7.17 FIG. 7.18.--Longitudinal interaction impedance KLO
f-,l«“ ne sl ---Transverse interaction vmpedance (T of the four-element band-pass circuit,x; =
T the four-element band- pass circuit,;x, = 1 .

1
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FIG. 7.2C.--Phase angle per §ecbion of
the four-element band—pass clrcuit,xl=2.

FIG. 7.19.--Longit i s
of the four-elege udinal interaction impedance KL+1 - 87 -

nt band-pass circuit,xl =5
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0.5

0.6
0.7

0.4

P@

.5 ‘“/‘bc

FIG. 7.22.--Group velocity y  of the
four-element band-pass cir‘cxﬁt,xl = 2.

w/wc
FIG. 7.21.--Phase velocity y. of the

four-element band-pass circuge,xl = 2.
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‘m/mp
1.5 2.0

FIG. 7.23.--Cireuit im dance 7, of the f
7.23.-=Circuit d ce 7. our-element
band-pass circuit of Pi Sectioﬁ?}l = 2.

1.8 2.0
w/w,

FIG. 7.24.--Circuit impedance Zom of 529 four-element

band-pass circult of Tee section,xl =
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D i
B \

T &%*’r

N 0.0,0.5

| 0.7
| \\nJF:o.B L
FIG. 7.25.--Transverse interaction impedance K,

of the four-element band-pass circuit,xl =2, TO

1.0

1 1 dance K,
1G. 7.26.--Transverse interact}on impe Pl
gf ch four-element band-pass c1rcuit,xl = 2.
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FIG. 7.27.--Longitudinal interaction
F { ina 1Weraction impedance
Kpp of the four-element band-pass circuit,;lzz. 5
1

2.0

itudi i tion impedance
G. 7.28.--Longitudinal interac )
0 Zf the four-element band-pass c1rcu1t,xl=2.

Kpa
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™~

™~

- ity vy of the four-
¥IG. 7.30.--Phase veloc o-1
element band-pass circult,x,"= 1.70.

1.5 1.6 1.7

FIG. 7.29.--Phase angle per section
of the
four-element band-pass circuit,xl = 1.70.
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0

e
= 1.7

O o » oo

nteraction impedanc
-pass circuit,xl

1
0
0.
0
0
¢]

o
=

—element band

_-Transverse i

FIG. 7.34.
of the four

1.1 1.2 1.5 1.6

FIGs T.33.--Circuit impedance Z

of the four-
element band-pass circuit of Te

gTsection, %y=1.70.
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7.37.--Longltudinal inter
]
il
o

|

of the four-element band-pass

FIG.

1.4 1.6
mﬂ%
d FIG. 7.38.--Phase angle per sectlon
of the four-element band-pass circuits

X = 1.6.
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1.2 o/,

.5

FIG. 7.39.--Phase velocity y_ . of the four-element FIG. 7.40.--Group velocit:y y& of thf B
band-pass circuit,x; = 1.6. e four-element band-pass cireult,x =1.6.
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|

Jﬁ w/w,

FIG. 7.42.--Circuit impedance ZOT of the four-element
e 1 . band-pass circuit of Tee section,xl = 1.6

1.4 1.6

FIG. 7.41.--Circult impedance Z. of the four-element
band-pass circuit of Pi sectiongﬁl = 1.6.
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w/w, 1.4 1.6 »
1.2 u»ﬂuc
FIG 7.44.—-Transverse interaction impedance KT+1

1.4 1.6
FIG. 7.43.--Transverse interaction ?mpedance KTO
of the four-element band-pass circu1t,x1:1.6.

of the four-element band-pass circuit,x1=l.6.
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2553 83%n

8

]

B

1.1 1.2 o/w, 1.3 1.4 1.5

FIG. 7.45.--Longitudinal interaction impedance ..
KLO of* the four-element band-pass circuit,x1=1.6.

1.2 1.2 15 it 3. ST B
/o : :

3 .
FIG. 7.46.--Longitudinal interaction impedance K1

of the four-element band-pass circuit,xl = 1.6,

. . =113 -
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1.0 1.1 1.

FIG. 7.48.--Phase velocity y_, of the
four-element band-pass circuE;,xl = 1.5.

1. .

1 1.2 o/, 1.3 1.4
FIG. 7.47.--Phase angle per section
of the four-element band-pass circuit,
x = 1.5. ’
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of the four-element

g

1.5.

FIG. 7.49.--Group velocity y.

band-pass circuit,xl

1.0 1.1 1.2 a}/mcl‘j 1.4 1.5

FIG. 7.50.--Circuit impedance Z of the four-element
band-pass circuit of Pi section,kl = 1.5
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1.0 1.1 ) 1.3 1.4

FIG. 7.52.--Transverse interaction impedance
of the four-element band-pass circuit,

X
0
O.lL_*Q\ . x10= 1.5.
1.0 1.1 1.2 1

I B
“’/“’c 3 1.4 1.5

FIG. 7.51,--Circuit impedance Z
band-pass circuit of Tee sectiog?x

of the four-element

1= 1.5
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_
1.0 1.1 1.2 w/o,

i dance
FIG. T7.54.--Longitudinal interaction impe
KLO oz the four-element band-pass cireuit,x1=l.5.

FIG. 7.53.--Transverse interaction impedance
KT+1 of the four-element band-pass circuit
x]'= 1.5, ’
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|
I

m/mc N FIG. 7.56.--Phase angle per

section of the four-element

FIG. 7.55.--Longitudinal interaction impedance K. . band-pass Circujt’xl = 0.5.
of the four-element band-pass circuit, X = 1.5, L+l .

1.2
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5 of _the
1G. 7.58.--Group velocity ¥ ¢
?our—element band-pass clrcu%t x1—0.5.

-2 A uy@k 6

FIG. 7.57.--Phase velocit
the four-element band—pasz Yon
cir’cuit,x1 = 0.5,
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.2 .8 .9

FIG. 7.59.--Circuit impedance Z. of .the four-element

band-pass circuit i =
L of Pi section,o)yi = 0.5. of the four-element

edance Zgp

. 1
FIG. 7.60.--Circult imp B = 0.5.

band-pass circuit of Tee sec

bl
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o ahﬁbc -6 .8 1.0

FIG. 7.61.--Transverse 1
. nteracti
KTO of the four-element bang

-Pasgnc§$gigin;e—o 5 -2
71T ction impedance Kp,y

7IG. 7.62.--Transverse interal witray = 0.58

) : of the four-element pand-pass circe
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|

.2 A ow/e, L6 .8 1.0
FIG. 7.63.--Longitudinal interacti
1 impedance -2 /0
K., of th - pes e
10 e four-element band-pass circuit,xl=0.5. 1 interaction impedanceo 5
-pass circult,x;=0.5.

.6

.6l . --Longitudina’
iIG; Zf the four-element band
-
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0 0.2 0.4 o/w, 0.6 0.8

FIG. 7.65.--Phase angle per section E
of th e
four-element band-pass circuit,xl = 0.3. < ‘

four-element
FIG. T7.66.--Phase velocit% Yon of the

band-pass cirouit,xl =
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.2 b w/w, -6

i f the four-elément
__Circuit impedance Z o
Ceuit of 1 section?’,’{1 = 0.3.

FIG. 7.68-
band-pass circuit

(<

FIG. 7.67.-—Grcup velocity yg of the four-element
3.

band-pass circuit, x = 0
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0.09
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0.07
0.06

O.OSL PIG. T7.70.--Transverse 1
- - e o8 10 ‘ of the four-element band

nteraction impedance KTO
-pass circult,x; = 0.%%

w/o,

FIG. 7.69.,--Circuit impedance 7 of the four-ele;
ce Z £ ment
band-pass circuit of Tee sectiog?xl = 0.3.
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.8 1.0

FIG. 7.71.--Transverse interaction imped:
of the four-element band-pass oircuiteilaicg.g?'l

.2 R
inal interaction impedance KLO
pand-pass ciroult,xl = .

a
G. T.T2. —-Longitu
i% the four-element
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0.2 0.4 0.6 0.8

2 4w/, 6 .8 1.0

FIG. 7.73.--Longitudinal interaction impedance X
of the four-element band-pass circuit xi = 0.3. L-1

n of the

_-Phase angle per SECtXO: 0.16.

FIG. T.T4. pass circuit, X
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Y Ypon ©of the four-element
1 = 0.16.
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FIG. 7.77.--Circuit impedance Z of .the
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" . . 04w/, 0.6 .

it 3 £ the four-element
FIG. 7.78.--Circult meedanci_%ggx? _the Lo
band-pass circult of Tee sectlon #j

- 145 -

Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP81-01043R000200070007-1



Sanitized ed for Release 2010/06/30 : CIA-RDP81-01043R000200070007-1

i impedance 1
- syerse interaction n -
pe (St t band-pass circuit,xl = O.Kg

of the four-elemen

2 - .8 1.0

FIG. 7.79.~--Transverse interaction impedance
KTO of the four-element band-pass cirouit,xl=0.l6.
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.2 .6 .8 1.0

FIG. 7.8l.--Longitudinal interaction impedance KLO
of the four-element band-pass circuit,xl = 0.16.

.
.000 w/og.6 8 1.0

R

tudinal interaction impedanceGKL_l
nd-pass circult,x; = 16.

.2

PIG. 7.82. --Longi
of the four-element ba
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0. 0.2 0.4 w/w, 0.6 0.8 1.0

FIG. 7.83.--Phase angle per sectilon of the four-
element band-pass clrcult,xl = 0.100. of the four-element

locity ¥
FIG. 7.84.--Phase Veio pn
pand-pass circult,x; = 0,100
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FIG. 7.85.--Group velocity y, of the four-element ) -5
band-pass cipcult,xl = 0.100% z of the foﬂr—element
cuit impedance® “oy = o 100,

FIG. 7.86.--Cirewis B sectiony k) =

pand-pass circuit o
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pass circuit,;xy = O.?EB.

FIG. 7.87.--Circuit impedance Z,,
1% 0.2

band-pass circuit of Tee sect
.88.--Transverse in
b _element band-

of the four
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teraction impedance
= 0.100.

0 . Ko

__Longitudinal in
-pass circully Xq

FIG. 7.90-
of the band

2 A a;/mc 6 .8 1.0

FIG. 7.89.--Transverse interaction i
mpedan K
of the four-element band-pass circuit?xl —c8.§$6%
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